Based on SU(3) flavor symmetry, we decompose the decay amplitudes of bottom baryon decays to a pseudoscalar meson and an octet (a decuplet) pentaquark in terms of three (two) invariant amplitudes T 1 and T 2,3 (T 1 andT 2 ) corresponding to external W -emission and internal W -emission diagrams, respectively. 
The best fit solution has spin-parity J P values of (3/2 − , 5/2 + ), though acceptable solutions are also found for additional cases with opposite parity, either (3/2 + , 5/2 − ) or (5/2 + , 3/2 − ).
LHCb has also reported the branching fractions of Λ for P c (4450
The valence quark content of the pentaquark-like resonance isccuud. If this new resonance is indeed a genuine pentaquark state, it is natural to ask what is its nature, such as spin-parity quantum numbers, mass and the internal structure, and what are the dynamical properties, such as strong and weak decays. Many models have been proposed recently to explain the hidden-charm pentaquarks, including (i) a cluster structure for quarks inside the pentaquark, for example, two colored diquarks bound with an antiquark [3] [4] [5] , a model originally proposed by Jaffe and Wilczek [6] , or one diquark and one triquark [7] as originally advocated by Karliner and Lipkin [8] and J/ψN (1550) states for P c (4380) and P c (4450) [15] , respectively, (v) soliton states for pentaquarks [16] , and (vi) threshold enhancement or kinematic effect [4, [17] [18] [19] [20] .
If the pentaquark resonances discovered by the LHCb in Λ
states, it will be quite important to search for them in other bottom baryon decays, in 1 Starting from the next section and thereafter we will use P B to denote the hidden-charm pentaquark with the same light quark content as the octet or decuplet baryon B. Hence, P + c with theccuud quark content will be denoted by P + p in our notation. 2 Because of their opposite parities, P c (4380) and P c (4450) cannot be both the S-wave states ofDΣ * c andDinclusive production at LHC and e + e − factories and in photoproduction off a proton target [15, 21, 22] . Since LHC can produce a huge number of bottom baryons in addition to Λ b 's, it can provide a rich source for the pentaquark production in bottom baryon decays. Under SU(3) symmetry the pentaquark state can be in the octet or decuplet representation. Under a plausible assumption on the relative importance of decay amplitudes, we give an estimate on the decay rates relative to Λ
Hence, our numerical results will provide a very useful guideline to the experimental search for pentaquarks in bottom baryon decays.
This work is organized as follows. In Sec. II we set up the formulism. Under SU(3) flavor symmetry, the bottom baryon decays to a pseudoscalar meson and an octet or a decuplet pentaquark can be expressed in terms of three invariant amplitudes which correspond to two different types of W -emission diagrams. Assuming the dominance of one of the Wemission amplitude, we proceed to show in Sec. III the numerical estimates for the decay rates relative to Λ
Sec. IV gives our conclusions.
II. FORMALISM
The flavor structure of the weak Hamiltonian governing a weak ∆S = −1 decay at tree level is expressed as
whereq 1,2,3 =ū,d,s, respectively, and H i is a spurion field. The above expression is also applicable to the ∆S = 0 case with the s quark field replaced by the d quark one, and with the spurion field defined as
The new charmonium-like pentaquarks were observed by LHCb as J/ψ + p resonances produced in Λ 0 b decays. Since a proton transforms as an octet under SU(3), the pentaquarks should also belong to octet multiplets. For octet pseudoscalar and pentaquark multiplets, we write is the same as that of Fig. (b) up to a sign, since the former corresponds to switching k and l in the initial diquark state of the latter, which is antisymmetric (symmetric) under the interchange of two light quarks of the antitriplet (sextet) bottom baryon.
where we have denoted P p as the hidden-charm pentaquark with the same light quark content as the proton and likewise for other pentaquark fields. Note that the P j k has the flavor structurecc(q j q a q
To match the flavor of q iq j andccq j q k q l final states in bottom baryon decays as depicted in Fig. 1(a) , for example, we use
as the corresponding rules in obtaining H eff . 4 Note that the right-hand-side of the above equation contains all possible permutations of j, k, l. In fact, not all terms are independent as there is an identity, ika P a l + ial P a k + akl P a i = 0. Therefore, for theccq k q j q l configuration we only need two independent terms. We will choose two of them for our convenience.
We now come to the initial state. The low-lying bottom baryons can be classified into an antitriplet B a and a sextet B kl under SU (3):
While all the bottom baryons in the3 representation decay weakly, only Ω − b in the 6 representation decays weakly. We can project bq k q l in Fig.1 to an antitriplet state or a sextet state according to the following rule
We can now write down the effective Hamiltonian in terms of hadronic degrees of freedom.
Using the above corresponding rules, we obtain
where T 1 ,1 (t 1 ,1 ) terms correspond to the external W -emission of Fig. 1 (a), and T 2,3 (t 2,3 )
to the internal W -emission of Fig. 1(b) . By interchanging k and l indices in the second 3 The procedure is similar to the one used in [23, 24] . 4 We use subscript and superscript according to the field convention. For example, we assign a superscript (subscript) to the initial (final) quark state q k (q k ). 5 To incorporate the SU(3)-singlet state η 1 , we will make use of U (3) symmetry by adding δ and fourth terms and replacing T 2,3 (t 2,3 ) by T 4,5 (t 4,5 ), we obtain the contributions from Fig.   1(c) . However, the additional T 4,5 (t 4,5 ) terms are identical to the T 2,3 (t 2,3 ) ones up to a sign and can be absorbed in T 2,3 (t 2,3 ). With the help of the spurion field H i , this effective
Hamiltonian has the same SU(3) property as the one in terms of quark fields. Defining
, we can recast the above Hamiltonian as
We may further consider the decuplet pentaquark field P ijk with P 111 = P ∆ ++ , P 112 =
The corresponding rule is
and, consequently, the related weak Hamiltonian is Tables I-II and Tables III-IV , respectively, for ∆S = −1 (0) transitions. The SU(3) octet and singlet states η 8 and η 1 , respectively, are related to the physical η and η states via
The most recent experimental determination of the η−η mixing angle is θ = −(14.3 ± 0.6)
• from KLOE [25] , which is indeed close to the original theoretical and phenomenological estimates of −12.5
• and (−15.4 ± 1.0)
• , respectively, made by Feldmann, Kroll and Stech [26] . It is interesting to notice that the decay amplitudes of Λ 0 b → P Λ π 0 , P Σ 0 η and P Σ 0 η 
vanish in the SU(3) limit (see Table I ). Many relations can be read off from Tables I-IV, for example, 
There are totally 19 decay channels for the antitriplet bottom baryon decays to a pseudoscalar and a decuplet pentaquark as listed in Tables III and IV. Their decay amplitudes are governed byT 2 andT 2 for ∆S = −1 and ∆S transitions, respectively. Consequently, 
the decays of (Λ Based on SU(3) flavor symmetry, weak decays of bottom baryons to a light pseudoscalar and an octet or decuplet pentaquark were also studied in [27] . Several U -spin relations which relate ∆S = −1 and ∆S = 0 amplitudes were derived there. In the work of [27] ,
are expressed in terms of eight unknown invariant amplitudes, while in our work they are expressed in terms of three invariant amplitudes T 1 and T 2, 3 corresponding to the external W -emission and internal W -emission diagrams, respectively. Therefore, the physical pictures of invariant amplitudes are more transparent in our study.
Nevertheless, as far as the relations between various modes are concerned such as Eq. (13) in this work and Eqs. (19) , (22) and (23) in [27] , we are in agreement with each other. 
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III. DISCUSSIONS
In the absence of a dynamical model we are not able to estimate the absolute rate of the bottom baryon decays to a light pseudoscalar and a pentaquark. Nevertheless, under a plausible assumption on the relative importance of the external and internal W -emission diagrams, we can make a crude estimate on Γ(
The decay Λ b → P p K − observed by LHCb receives contributions only from the external W -emission diagram Fig. 1(a) . Indeed, this contribution should be the dominating one in bottom baryon decays to a pseudoscalar and a pentaquark, since in internal W -emission diagrams [Figs. 1(b) and 1(c)], the three quarks (cc q i ) produced directly from the b quark decay are too energetic to form a pentaquark. As a consequence, it is likely that the internal W -emission diagram is suppressed relative to the external W -emission one. Under this hypothesis, we are going to show in Table V the estimation of rate ratios by assuming the dominant contributions from Fig. 1(a) and neglecting other contributions. It is true that all modes in Table I -IV should be searched, but the estimate on rates of some modes will also be useful at this moment. The contributions of the neglected sub-leading terms can be studied later when more modes are discovered and detected.
In a two-body decay system, the decay rate and the center of mass momentum has the simple relation:
where L is the orbital angular momentum quantum number of the two final-state particles. 
Since parity is not conserved in weak interactions, we, therefore, assign L = 1 (2) to the S = 3/2 (5/2) case.
As for the pentaquark masses, we shall assume the same SU(3) breaking effects in the pentaquark sector and the low-lying baryon sector:
Moreover, we will assume that there are two different types of octet pentaquark multiplets with J P = 3/2 − and J P = 5/2 + . The measured masses of P p (4380) + and P p (4450) + given in Eq.
(1) will be used as a benchmark to fix the mass of the other pentaquark P B through Eq. (15) . The decay amplitudes of ∆S = −1, 0 processes are related to each other through the relation
where V ij are Cabibbo-Kobayashi-Maskawa matrix elements. With the amplitudes given
in Tables I to IV we are ready to estimate the rate ratios of some bottom baryon decays to a pseudoscalar and a pentaquark, namely, Γ(
The results are shown in Table V . We see that the Λ b → P p K − rate has the largest rate among the pentaquark multiplet. It also has a very good detectability. This may explain why it is the first mode observed by LHCb. Some modes have rates of similar order to
These modes should be given the higher priority in experimental searches for pentaquarks. Note that the ∆S = 0 modes are Cabibbo-suppressed (see Eq. (16)). A recent work in [28] suggested that the intrinsic charm content of the Λ b baryon may lead to a dominant mechanism for the pentaquark production in the decay Λ
If this mechanism dominates, one will have the prediction [28] B(Λ
to be compared with the value of 0.07 ∼ 0.08 in our model (see Table V ). Therefore, a measurement of Λ [14] suggests that Γ(P p (4500) + ) is dominated by the χ c1 p channel in spite of its sever phase-space suppression and that B(P p (4500) + → Jψp) is of order 14% or 24% depending on the solution for the coupling to χ c1 p and J/ψp. In [29] we have studied the strong decays of light and heavy pentaquarks using the light-front quark model. Along the same line, we plan to investigate the hidden-charm pentaquark strong decays in the forthcoming work. 
